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THEMIS observations at the sub-solar magnetopause reveal the structure of the low latitude 2 boundary layer (LLBL) and magnetosheath boundary layer (MSBL) during northward IMF. Unlike 3 previous single spacecraft observations of this region, four of the five THEMIS spacecraft were able 4 to capture the transition of magnetosheath plasma with no electron heating to uni-directional heated 5 electrons followed by bi-directional heated electrons, demonstrating that this electron structure is
Introduction
1
The possibility of dual-lobe reconnection during northward IMF was recognized early by Dungey 2 (1961) and later used by Song and Russell (1992) to explain the formation of the low-latitude 3 boundary layer (LLBL). Gosling et al. (1990) was the first to recognize the existence of a layered 4 magnetopause and Le et al. (1996) used ISEE ion observations of this layering to support the dual-5 lobe reconnection model. However, significant IMF Bx or By might be expected to result in a 6 geometry where lobe reconnection in one hemisphere is not followed by reconnection in the other 7 hemisphere. A comprehensive attempt to understand reconnection geometries during northward IMF 8 was presented by Fuselier et al. (1995) who used AMPTE/CCE data to investigate the structure of the 9 sub-solar magnetopause (MP) and LLBL. They defined a new layer, the magnetosheath boundary 10 layer (MSBL), as that region just outside the MP current sheet. They reported that magnetosheath 11 electrons outside the current sheet showed uni-directional heating and that magnetosheath electrons 12 inside the current sheet showed bi-directional heating. Using these observations, Fuselier et al. Below we present multi-satellite THEMIS observations that demonstrate the transition from uni-13 directional to bi-directional heated electrons is spatial feature of the sub-solar MP. In addition, we 14 show that this transition occurs at the outer edge of the MP current indicating the heating is not 15 caused by the passage of magnetosheath electrons through a weak current sheet. We conclude the The layered structure in and around the MP is best illustrated by the spectrograms in panels g 21 through k. As will be shown shortly, this structure is repeated on the crossings by four spacecraft and 22 therefore represents a spatial layering. For purposes of analysis, we describe the evolution of flux to the subsolar region, both producing a geometry where draping at the lobes will occur first in the 20 northern hemisphere. To distinguish the two models, the key observation is the location of the 21 transition to bi-directional heated electrons in relation to the current sheet. 
